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3>'i!flJg2 1&WK^b^y^';KTa2 Os )Ml9 
g^^V^^^^rV (WN) -cmiLtLW&^S^^tX 




21 : i/U3>aM 
31 : IW«<D*i»;t*/5» 
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im^m2] m^nzsSMm^rf^i^i'tzis\,yx. 

tmifi^tvmcoimmx'mfs.^ixjimmmi'h^x^ 
<^>Si}:Mim(t^yiyfi^mb^iix\>^twa»b. mst 

mcff)mmmx'mmtvrzmwmi*u/)m>*)imiti' 

yi'fl^mco^^M:lt:Zt^:mibi-^^^J'iiyi' {tc 
fdt. ::<:om^ii2'y(OW&(Oo*><0'J^^<bi>—:fji 

m.^^yyxy-yxmm-h. > . 

tOOOl] 
[00021 

\tthimifi^tX\^h. L*>L. 

tTfia&&>^>WfflSti.TV^&i^'J ny^fkK ( S i O 
2 M) ^v'Jny^^ ( s i NM) ^i,^Ji-?-h./i><^« 

mmx'M. ^<r>wkmn<Lx-m^£^m.^mmh^z 

MfcLTSft^J'y^/KTaj O5 ) ffi^fflV^^r^^'^'C 

/I'Kis, 'ecois«**>'2 2 1 s i 02 Wkffm^h 0 , *» 
[0003] mLifyi')x^^m\^tdm<r>^\ni^^ 

-XA y-^-iDV ^^^i^'xXh (lEDM Tech.Di 
g.), (1991) , pp. 827-830) 



>^i^^m'm.z'm\.fdm:^s\.x\^h. ttz. msR 

[0 0 04] 5fe^. i^vaymRimzmtmht 
^^i^t^m^m:m^zx •? s i 02111 3im^^tL 

ritSitS (H8 (A) ) . 

[000 5] Zffy^aVi^Vaymscfmmin. 
^imthtiiblzZff)4iOiyO:3ymi 5tzVy (P) 

^^y^^izi'om^^i±zcr>MmiPoc 13 ;y 
x#B8m«tifcav>T 'J yimh!iSL^-th:mizx 0 . « 

A^ixS. tifSL. mizt3\,^x^ivyimx$tu^^v 

i^^Jziymi>^<7)tt4fViyU^ymi SbLXmLX 

20 W^m^^-^if~-yir-rtm(n'7Xi^b^£hVi^x 
^i''xb>'t:J'->-i&-7X:J'fcU-lfJi^y3ySl 5cO^ 
>^*>^.fi??.«gl 5a*^fR$ilS (H8 (B) ) . 

[0006] mz. ^mmimwmm ( rta : Ra 

pid Thernal annealing ) ^WkM^^Ty^—TiSxM 

yij^i^^hmm 1 5 affmm^zmmim 1 . 5 nm^Di^ 
*)^ywmnim^^ixh ms (o ) . 
30 [0007] mz^ zff>w^±^m\,z^ mstmi^A 5 

O'CtL, m^ifXbLX^y^3LY^i^^y^)VlT 
a (OC2 Hs ) 5 ] aWg* (O2 ) i}X^m\'^tzC 
VDfttiO. Ta2 O5 m\9imWL^1Xh {H9 
(A) ) . 

[0 008] Taz 05 'mi9<r>mmt. zcrmmm 
it<7)ttifiRx^!Ksmmm<r>tzi!b{,z;ic7^\iznLm^ 

a^fctet^T 7 0 o~9 0 ox:cr>^&sxi^mihti 

40 5«ffil 5a<7). Ta2 O5 Kl 9l»7)IK^)-*>m:$it 

h<7>x\ ^(7mtizi^^}aymM2\m^^iih 

(09 (B) ) . L*»L. CliOdf'Ji^'Jay**^,^!,^ 

ffil SamWii^ynygflJgi 7*i^^«)tS^t'?.<^T 
^^3t^0•C:KUi^Ur^>-*>^^4^15a^<!DTa2 o 
6 IKl 9ffl!|*>ii><0irS«0|^SJiW#l 5a, I9imm 

^Lx\,^h^fizit'<3m^ixhij*h. :L(Oi^v^ytst 

im2icofmi>'m<^j:i<7)m±x'^h. ^-ox. ^ 
[0009] mz. z(^mi±iz^^j^i^9mmmcom 

50 *««ffi(JilT. ±iffl«ffiti>v^d. ) Sr?ej«t-.S/v:i6 
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cnmrnt Lxmit^ify ( t i n ) m ( a^w) 

v;^:?4:LTiNR<^)^^^fx.y^y^$it, Ti 
NffiA»;5,^S±iHaffi2 3*»'»^$tlS. .rcofeU, 

«L:^^TIiWffil 5 aRt^T i N-ClS«t3t±lfflmti2 
3•m^/;'filii<0. ^A'>'NV^'2 7*i#^>itS (09 
(C) ) . 

[00 101 -ttz. ^c03iSKlWi, Taj Os Ml 9 

s^'y^^xxy (w) ieT«jKLfej^Rif±a<ort 
fflcii, Taz 05 m\9\iz.m^h^^fti^ywiW&^ 

Taz Os Ml 9fc:-^<oa?^5rifOBW<7)3t«)t:02 

?&feR^fcoV^T. 2otf)^^yN->'^'ffimffil 5a, 2 

^cfeS*5^5ilTV>l> <• 0 1 0 ( A ) ay { B ) 

fflL:it!RfttaT'*S. aiO (A)tiTiNM 

WM"C«BE5*i5±ffl®K2 3^jEi: LT^+^ti^^' 30 

fc«EVg i:m\iLi:i^<OZ<mS.Vg (V) tU- 

^'«8£afSJ (A/cm2 ) t<m%i^tfzm&m. 

010 (B) {±;^^'JvU3>'^5P<i>JS5Tllaffil5aS• 
jEfcLJt%^^Oll#eaT'^>l.. MHfcfcv^T, pS-# 
Lt^;P-rJiTa2 Os Ml9fc02 y(fxmS^'^T 

0. ^hlfZ^ p. qco^^/yl— TfcfcV^TiaTaz O 

tOOlll Hio*»<i>BH'^.*»^rJ:dfc:. Taz O5 M 
fe:itL02 ;<rx#H^ifCRTAJiafcj:OilS!«i^ff 

*^JS, d;Jt. Ta2 O5 ml9lZ^i-t^^ry•<i^^m 

mm^T i Niis-ei(!)SLfc**«wiiiT«iitrs«^j: o 

[0012] 

immmiixdt^?>§m} L*>L5Sr**/i>. Ta2 so 



O5 MfcSc-fS^^r^'N'i'^'fflmfii (H9 (C) ) iOfi^ll-C 

Mti£±U9&2 3 ) SrT i NM-?MS^L/>:^^'>'NV:J' 

J«j!ffl{c:fcv^t:Ta2 05 mtTi 

[0013] z<r>miiz^J;: 0 ^^.tzI^A^^iUih 
[0014] 

St ^tix^^hmm^i: 2'oamMxwjm&(r>^\ 
y^)vmz^ Lx V fflicomffi^sfl:^' ^yxf-y-xm 

^LitZtimLb^h, 

[ 0 0 1 5 J ^ris. ^icollHjKisv^T. mL<7yl!mmx 

fciiz.mxtffymmTmat.Ltimsmi^Mi. mm 

(^TmAt/&lM<r>M-)}^1^it^y^fi^mx'm&tt^ 

mii:mt:^yi'jumM(7)mmx'mfS.Lfii><r)^ $ 
'^miizi.mjtfy^fi'mi-tishc^. 

x/wd:Mff)m^imit^y:^)umx'm.Lfzm^ii. 2 
-:x'ymm\i'^-mi>imit^yi^n^bistttzbtz^i,. 

[0016] ^ fc, iC7)|6BJi7)|IM(Ca5t 0 , CKOfgBJ 

^i¥ms.b. m^imR±izt.mtfzimm 
izm'T^tifcTtm&b. mrmm&tizmfii^timi 
<^ymmTiiigi^iv^mt¥Tf,'^x^m±Mipmit 
i'y^mb^tixummii^b. mit-^yi^fimi. 

lizmi^tifc±Mm&bi:M:t^^-^^ii^^^ bt^ 

(o±m&i:mit9 yi^y^i-yx'mm-h(oi)'^imx'h 



{ 

5 

[00 1 7 J zffimwi. mmummm^^ 

[00 18] 

[0019] 2 

[0020] 1 . wimn^^f^>'9<r>msBixmiSs:n 
[0021] Lnmmo^^j^i^i^ 3 1 

«fc LT<^)j^ya>'MRi l±fci^yavir<kMi 3S: 

'J 3 >T1iJS?it 'J 1 5 a 2r 

*;t. ClOTfflSfiil 5a±{CC<0Tia®iil 5a«I*> 

(yi-')oymm2\mm^9>'!fi\^ (Tail 05) 

SMtLT*;t. i<^i!fl::?^i';Hgl 9±t±flim® 
t Lxm.^9>irxTy ( WN ) T«Jt LtzW&S 5 ^ 40 

m.^9>if)vmi 9mm\m\ i nmt lt* 

3yi!CI821<0M«{4$f)l. 3nmTA^. ) . S^, 
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[ 0 0 2 2 ] 01 m\^xmmLtz^-fni^f\izffm 
m^m^mzwm-him^zx m^Ltz. 02- 

[0023]3t^. ^^y3i^««i litiaig^ffij)* 
I Ui-(k^m«JRftftfe:J: ») s i 02jgi 3m^L. »: 
^:<7)S i O2 Ml 3±tTflKffil 5 a^Jg^ 
S)t«><0Sffit LT^KU^-'jayjgi 5^cVDafcJ: 
OJ^Jil^S (02 (A) ) , 

[0 0 24]i5Cfc:. ^0;!KU>'»j3y|Rl 5<0«S^ 
SrlS^-S/cA^t^cOdfy 'J 3 1 5 1 U y ( p ) 

Sr. 'f5^v£tAa^^J:o^^^^4^«|^^B^^poc 13 ;y 
y3:/lit,-?-o**;Ki;j^i;=j>Ki stLTS^LT* 

XWt^'-ySrVX^tLjJfJi^ljriyKl 5<^Pf^ 
^.JKS«fiil5a$rJg«-rS (02 (B) ) . 

[0025] icoiim±^Bfc. fflgas^0r^ 

a (OC2 H5 ) 5 ] aiXSS^ (O2 ) ;^r;:^^ffl>,i;tC 
VD&fcif). Ta2 O5 JSl9S-igJl£-ri, (02 
(C) ) . 

[0026] Taz O5 m9<mmk. i<0J8<!^«f 

*fc:fcv^T8oox:«ffls-ci*istTd. ^(^^BHwafc 

fcV^T(4. 5JfJi^'Jny*>^>^Smffil 5a<0. Taj 

06 Wki9mnimimit^fii,(r)x\ z<7iu^\,zi^*) 
^>m'm2immL^ixh 03 (a) > . 
[0027] ijct, zmm±iz^^niyjfmmsfm 

1i<^W&X'hh}LWmMi:Bm-htiihcmWkb Lxm 
^^>y:^Ty (WN) M (Bq^ij-f ) ^Si6ttxyN->y 

(Ar) fcM« (N2 ) tWsgJIJt (N2 / (N2 +A 
r) )^0, 10, 20m3Q%t^ix^fiMz.^ 

fzfzL. ^m^mm.nm]\i\Yrtlii 5 mT o r r 
fcL. ifz. DCy^"y-Sr2KWi:LTUS, ^rte. ^ 

Lyi;S' y^fXy- >mzr>\^X XimSimm-yti t Z 
W2 NiO ( 1 1 1 ) MRV (200) BSMt;f(C ( 2 
20) ji5oe-:J'*i<e^i-f:fx«iaj$ii;t. ^HO^t** 



7 

ifyyxT-y (WN) KJig^^S'y/XTytc^r-^Tt^ 

yy-f S^covxi' fc^S Ui^'x 

U WNK*>/i,lK5«ffi2 3^Jg^|, (03 

(B) ) . dPMfe*. Hlfc:^L;t^-v>'N-i^^'*i#^>*i 

[0029] 2. JtlSS^OiftBB 
i^yny^l iJitc^ 02-03 (A) im\^wimL 

T/l-d-y (Ar) trnm (N2 ) i:«0»ait 

(N2 / (N2 +Ar) ) i2s%tL. mm<^msk 

[0 0 3 01 3. mmtmmtmmijmsikffm, 

3 - 1 . 

;Prf>'fcgSfcc08£SJt (N2 / (N2 H-Ar) ) ^2 

jEfc L:ttfc^i, TfflSfii^iEfc L5t*l«i^«£7)*l«iT-« 

^ (V) ^fcOiStttCJ-^mgE^gJ (A/cm2 ) 
^t-:>XifiLtii><rfXhh. ::c7)04{CfcV^TaSrftL 
fc^';l'-Tti±|ffl«ffi3 5|SI$:jEt LxmEEVg ^rEMB 
L;t#ttT'*> D . b S-ft ^^/P-TtiTCaWi 15a 

mnEtLxmsN^ ^maLtzmtxht. §/j>tc, 

e0^^f^>'9(^{><mth*). IIa$-#L!t#tt*JJt«gW 

^^ffcO, nbS-ftL/^i^^tJtSgfiaicoJf-vy'Sx^'Oco 
[003 1] 04*-^>B3^,*>^J:9t, df^y>ti^^^ 

[0032] 3-2. iM!«l^'J-^'«s|:mi 
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^#6IMcojfeiap4ifc: 3 0#A;h.g«ra-r& . 

±123 - 1 -mb ^«*#)K-c9ttiimffv, <o3gfl:t:jfr 

fcJJS-Ra:3:^ESrffifcJ:i9S^t^!m40T'J>S. 

05<Oa^;P— TtfcV^T. 04+cOI ax^ftL 
>t!mt*>^itM«^-V^N*>':J'<0t>OT*'). Ilax^ft 
LtzWEil^YLW(^^rf-<>'^<D<r)ii(/)X'h^ ^ tfz. 
05Ob^;P-TtCfcV^T. I bx&#Lit!mfeiPiett 
10 9^^f^i^9<r>{></)Th*) . nbx*#L7t!|ttt**Jt 

[00331 04~06*»^Ba^,i^J; 3 (;:^ 

fcJt'^.. ^-^f^i^s^^mzmmi^'fihtiti^ffi^ 

[00341 4. a^t^J' y^^xfywiim^b u -^-m 

mz. m.^^y'!^x^yw^m^i,t^±Mx&3s<m 
^t. '}-':^^m:mm^^b<m^tz-y\yxwm 

•ti. ftiiL^ ^^<r)^->rf^i^9<^lMm,Wymiiz 

■rm(omm(omMit (N2 / (N2 +Ar) > nzms 
Lx±wmM3 5<r>mLk. v-i'^snmcosmM^ 

SaitSrO. 10. 2 0»X/3 0%tLxm&Uz^ 
30 ^>'ty^'T*-oT±iB3-2flcO^!8!aSr»x.7t#^^ 

±111163 SOffljSt y-^'lBS!mt«iS»m^i:«l8 

07{i'ecDM*-^giiLT*L^1ttt0T- 

odio. s«<o±iessaLJts-o, lo. 2o&t;f 

3 0%i: l.-CJglSUit«^^/^i^:J'ttiV^T 1 /x A/c 

mmX'h^. ^fc'L. 07{CtJV^Ta3&J±|8aS3 5 

Jt^cO^tt. b*rpffl!imffil 5 aiiS^jEffifc LfvTJ^ 
<0|^#ttT&S. ^<O07{Ci5l^T, I Vb I *J:^#V^ 
S y -:?«Sa(«^ tfe: < V^^^y'Cy^'-eft S i J: JrSWc 

[003 51 07 *»^>BB<i>*^J;d{C. ±ffll«ffi3 5ai 
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[0036] ±^\,zii\,vz\i:i<fm^^^f^i^9ffm 
[0037] mtf . Jz^cOSatW-Ctii^U 3^ffiSJi 

UvT^-r-'NViJ' (B9 (C) oj:^^t>co) (ctSfflT- 

[0 0 38] ttz. ±j&<mmm'\i. m^^^^xt^ 
co^rawi-tfc V D&'?>^#H^-e<oM B e&^t t-c 

[0039] 

m\.^fz^^ni^9^z)5\.^xm.^^>^)V'mz^^Lx\^h 
miim^9yi^xy-yx'm^Ltzffix\ nmmTi 
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1 0 

NlgntlS LX V ^fc^-^fcit^, ^ -^^ A-v:? c^^atc 

^imi:^'>tz^m-9%wm.<rm^i:')ftj:<,X' 
^h, zffytitb. ^^^'^->mtmmtLxmit^y:^ 

[01 ] ^trnffi^^ni^jf^mmizm-hmmvi) 

[02] »SM«=^-^^'Ci^^'c^ifci5f^<oiiBBfc:fitf 

[03] mtmm^-'^'>is^mfS:mmmmizm- 

m2(,zm<xmmx$>h. 

[04 ] mm(BLUimm(r>^^ni^^(owimm<o 

[05] *MiaufJt«S0i|tO#^i'yNV^'<O|Rj!Hlft(?5 
[06 ] ^it«XtfJt«M<0#4f ^'yN-i'i'tfJlSij^lim 

[07] *te0soiiB8fc:«tfs0Tj>o. ±.mKm^ 
mcomit^yi^xT^yirmtmxy^-yifmizx mm- 

[08] u^^-^^^i^:}^m^(m^U3m<7immtz^ 

■rs08fc^<xs0T'*s. 

[010] 8a5ttaf<^)iiHBfc#fs0r*&, 

[»^^iiHB] 

11 :^(*«S(y'j3y»R) i3:>^Uziym 

m 

15a: Tiisffi (sK'Ji^yayea^LJtmii) 

1 9 : mti^y^jvm. 2 1 : j^yny|8 

3 1 : •vy-CS^^' 3 3 : 

3 5 : ±fflim (M^brJ'V^^XxV-CB^Ly^affi) 
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